An organic-inorganic nanocomposite cation-exchanger, i.e. poly-o-toluidine Zr(IV) phosphate was synthesized via sol-gel mixing of an electrical conducting polymer poly-o-toluidine into the matrices of inorganic precipit.ate of Zr(IV) phosphate. The ion-exchange capacity, chemical stability, effect of eluant concentration, elution behavior, pH titration and thermal studies were also carried out to understand the ion-exchange capabilities. The physico-chemical properties of the material were determined using /\AS, CHN elemental analysis, FTIR. TGA-DTA, XRD, TEM and SEM studies. On the basis of distribution studies, the material was found to be highly selective for Hg(ll). Its selectivity was examined by achieving some important binary :;eparations like Hg(ll)-Pb(ll).Hg(ll)-Cu(ll),Hg(ll)-Co(ll),Hg(!I)-Fe(lll),Hg(ll)-Sr(II), etc on its column. This material possessed d.c. electrical conductivity in the semi-conducting range, i.e. 10"' to 10"^ Scm~'; measured by four-in-line probe d.c. electrical conductivity-measuring technique. The d.c. electrical conductivity of the composite material was found stable upto 110 C for the composites under ambient conditions.
A new heterogeneous precipitate of an organic-inorganic composite cation-exchanger poly-o-toiuidine Zr(IV) phosphate was utilized for the preparation of a Hg(ll) ion-sensitive membrane electrode for the determination of Hg{ll) ions in real aqueous as well as in real samples. The electrode showed good potentiometric response characteristics, and displayed a linear log[Hg-*l versus EMF response over a ivide concentration range of 1 x 10"' -1 x 10"'' M with a Nernstian slope of 30 mV per decade change in concentration with a detection limit of 1 x 10^'. The membrane electrode showed a very fast response time of 5 s and could be operated well in the pH range 2-8. The selectivity coefficients were determined by the iDi.xed-solution method, and re\'ealed that the electrode was selective in the presence of interfering cations; however most of these did not show significant interference in the concentration range of 1 x 10"' -1 x 10"* M. The lifetime of the membrane electrode was observed to be 120 clays. The analytical utility of this electrode was established by employing it as an indicator electrode in the potentiometric titrations of Hg-* ions from a synthetic mixture as well as drain water.
(Received May 22, 2007; Accepted October 29, 2007 ; Published July 10, 2008) lon-selecti\e electrodes are among the iniporlaiit analytical tools, which are used for the sensitive and selective determination of various ionic species in the wide range of concentration' in environmental, medical and industrial samples.-"' Mercury is well-known for its toxicity, even in low concentration. Due to its toxicity, mercury causes ill effects in the human nervous system. Mercury also shows strong affinity for ligands containing S atoms, and thus causes the blocking of sulphydryl groups (-SH) of proteins, enzymes and membranes. Mercury(ll) ions are also responsible for injuries of tie kidney and gastrointestinal track. Due to its serious hazardous effects to hujTian health, there is strong requirement to extend new methods to determine mercury ions in a wide variety of samples. Common methods are used to determine mercury, such as voltammetry,' spectrophotometry,'' X-ray t1uorescen;e,'' flame and furnace atomic absorption spectrometry,''" fiuorometry," 'cold vapor atomic absorption spectrometry'^ and inductively coupled plasma.'-* These methods, however, involve expensive instrumentation and sample pretreatment, which are time consuming and inconvenient. On the other hand, ion-selective membrane electrodes, commonly known as electrochemical sensors, are important in view of the ability to make direct or indirect measurements in complex samples without any knowledge about the color of the sample or the turbidity. The fact is that the use of ion-selective electrodes for such types of measurements requires relatively inexpensive equipment, which makes ion-selective electrodes attractive to scientists in many disciplines.'^ Thus, potentiometric sensors car offer an inexpensive and con\enient method for the analysis of heavymetal ions in solutions, providing acceptable sen^itivity and * To whom correspondence should be addressed. E-inail; asifkhan42003@yahoo.com selectivity. For lhi.s purpose many organic and inorganic compounds were studied as electroactive materials, and used in the fabrication of ion-selective membrane electrodes.'*^-'' Composite materials are the latest development for making electrochemical sensors for analytical purposes.-'•* Poly-o-toluidine 2r(!V) phosphate, a composite cationexchange material, vvas prepared by sol-gel mixing of organic polymer into the precipitate of Zr(!V) phosphate." The composite material possess a better ion-exchange capacity (1.71 iiieq g"'), as compared to Zr(IV) phosphate (1.46 ineq g"'). The presence of an organic component in the material prevents the leaching of any inorganic component in high acidic and alkaline media, and makes the material mechanically stable. These properties of composite materials helped us to make an ionselective membrane electrode. In view of the above-mentioned facts in concerning the present study, we report on eleclroanalytical applications of organic-inorganic composite cation-exchanger poly-o-toluidine Zr(lV) phosphate as a Hg(ll)sensitive ion-selective miembrane electrode.
Experimental

Reagents and instruments
The main reagents used for synthesizing the material were obtained from CDH, GSC, E-merck (India). All other reagents and chemicals were of analytical reagent grade. A digital pH meter (Elico LI-10, India), a double-beam atomic-absorption spectrophotometer (GBC 902, Australia), a digital tJame photometer (Elico CL 220, India), a UV/Vis spectrophotometer (Elico El 30IE. India), a water-bath incubator shaker, and a digital potentiometer (Equiptronics EQ 609, India) with a saturated calomel electrode as a reference electrode were used. ANALYTICAL SCIENCES JULY 2008, VOL. 24 
Preparation of poly-o-toluidine Zr(IV) phosphate organicinorganic composite cation-exchange material
Poly-o-toltiidine Zr(IV) phosphate, a composite cationexchanger, was prepared as reported in our earlier study." An organic polymer derivative of polyaniline, which is the poly-otoluidine, was prepared by mixing in similar volume ratios of a solution of 0.4 M a/nmonium persulfate ((NfDiSiOs) prepared in 4 M HCl into 20% o-toluidine (C7H,N), prepared in 2 M HCl with continuous stirring by a magnetic stirrer for 2 h at O'C; a green-colored gel was obtained. The gel was kept for 24 h at 0°C. After that, the gel was transferred into the white prjcipitate of an inoiganic ion-exchanger Zr(lV) phosphate, prepared at room temperature (25 ± 2"C) and at pH 2 by adding a I-.2 volume ratio of 0.1 M zirconium oxychloride (ZrOCIrSH^O) prepared in 4 M HCl to an aqueous solution of 3 M ophosphoric acid (HjPOj). The green-colored product gel was left for 24 h at room temperature for digestion. At the final stage, the composite cation-exchanger gel was filtered off, and washed with detnineralized water (DMW) to reinove excess acid. The washed gel was dried over P4O10 at 40'C in an oven. The dried product was washed ag^in with acetone to remove any oligomers present in the material, and dried at 40'C in an oven. The dried product was cracked into small granules and converted into H* form by treating with I M HNO3 for 24 h with occasional shaking, intermittently replacing the supernatant liquid with fresh acid 2 to 3 times. The excess acid was removed after several washings with DMW, and finally dried at 50°C. A oarticle size of approximately 125 pm of the composite cation-exchanger was obtained by sieving and storing in desiccators. The composite cation-exchanger having ntaximuin capacity (1.71 meq dry g"'), a.s compared to Zr(lV) phosphate (1.46 meq dry g"'), was .selected for detailed studies of ion-selecli\e electrode preparation. The condition of preparation and the ,on-exchange capacity and physical appearance of the composite cation-exchanger poly-o-loluidine Zr(lV) phosphate (sample .3-1) are given in Table 1 .
Distribution (sorption) studies
The distribution coefficients (A'j values) of various inetal ions on poly-o-toluidine Zr(lV) phosphate were determined by a batch method in various solvent systemsji Various 0.2 g portions of the composite cation-exchanger beads (S-1) in the H*-form were taken in Erienmeyer flasks with 20 ml of different metal nitrate solutions in the required medium, and kept for 24 h with continuous shaking for 6 h in a teinperature-controlleJ incubator shaker at 25 + 2°C to attain equilibrium. The initial metal ion concentration was adjusted so thtil it would not exceed 3% of its total ion-exchange capacity. The metal ions in t.te solution before and after equilibrium were determined by titrating against a standard 0.005 M solution of EDTA.^' The alkali metal ions, K*, Na*, Ca-*, were determined by flame photometry, and some heavy metal ions, such as Pb-*, Hg-*, Zn-*, were deermined by atomic absorption spectrophotometry (AAS). The distribution coefficient (Ki) values were calculated by using the formula given below:
iiimol of metal ions/g of ion-exchanger _ mmol of metal ions/ml of solution i.e. K,= [(I-F)JF} X (VIM) (ml g"'), (2) where / is the initial amount of the metal ion in the solution phase, and F is the final amount of the metal ion in the solution phase. V is the volume of the solution (nil) and A/ is the amount of the exchanger (g).
Preparation of poly-o-tohnduie Zr(IV) phosphate composite cation-exchanger niemhrane
A composite cation-exchange membrane was prepared by adaptaling the method of Coetzee and Banson." The poly-otoluidine Zr(IV) phosphate cation-exchange material as an electroactive component for preparing the membrane was ground to fine powder, and thoroughly mixed with different amounts of PVC dissolved in 10 ml of tetrahydrofuran (THF), and finally mixed with 10 drops of dioctylphthalate, used as a plastisizer.-''' The mixing ratio of the ion-exchange was varied with a fixed ratio of PVC for the purpose of obtaining a composition, which gave a membrane showing the best performance. The resulting solutions were carefully poured into a glass casting ring (diameter 10 mm) resting on a glass plate. These rings were left for slow evaporation of THF to obtain thin films. In this way, 4 sheets of different thicknesses of the inaster membranes were obtained.
Characlerizalion of membrane
The pre-requisi!e perforiTiance of an ion-exchange membrane is its complete physico-chemical characterization, which involves the determination of all such parameters that affects its electrochemical properties.
These parameters were the membrane water content, porosity, thickness, swelling, etc. and were determined as described elsewhere,"""' after conditioning the membrane, as given below.
Conditioning of the membrane
The membranes were conditioned by equilibrating with I M sodium chloride; about I ml of sodium acetate was also added to adjust the pH to 5 -6.5 (to neutralize the acid present in the film).
Water content (% total wet weight)
The conditioned membranes were first soaked in water to elute any diffusible salts, blotted quickly with Whatman filter paper to remove surface moisture, and imm.ediately weighed. These were further dried to a constant weight in a vacuum over P4O10 for 24 h. The water content (% total wet weight) was calculated as ANALYTICAL SCIENCES JULY 2008, VOL. 24 
where IV" is the weight of the soaked/wet membrane and Wj is the weight of the dry inembrane. Porosity (e) was determined as the volume of water incorporated in the cavities per unit inembrane volume from the water content data.
where A is the area of the membrane. L is the thickness of the membrane and p. is the density of water.
Thickness and swelling
The thickness of the membrane was measured by taking the average thickness of the membrane by using screw gau2e.
Swelling was measured as the difference between the average thicknesses of the membrane equilibrated with I M MaCl for 24 h and the dry membrane. The results of the rr.embrane characterization are given in Table 2 .
Fabrication of ion-selective electrode
A membrane sheet (M-l) of 0.14 mm thickness. ob:ained by the above procedure, was cut in the shape of a disc and mounted at the lower end of a Pyrex glass tube (o.d. 1.6 cm. i.d. 0.8 cm) with Araldite. Finally, the assembly was allowed to dry in air for 24 h, The glass tube was filled with a 0.1 M mercuric nitrate Hg(NOj): .solution. A saturated calomel electrode was inserted in the tube for electrical contact, and another saturated calomel electrode was used as an external reference electrode. The whole arrangement can be shown as follows:
Sample solution External reference elect-ode (SCE)
Potential measurement and calibration
The performance of the response of the electrode in terms of the electrode potential (at 25 ± 2°C), corresponding to the concentration of a series of standard solutions of Hg(NOj): (10"'* -10'' M), prepared by serial dilution, was determined at a constant ionic strength, as described by lUPAC Commission for Analytical Nomenclature.'''
The membrane electrode was conditioned by soaking in a 0.1 M Hg(N0j)2 solution for 2 days and 1 h for at least before use. The experiments were conducted in air, maintained at 25 + PC by a thermostat. After performing, the experimental membrane electrode was removed from the test-solution and kept in a 0.1 M Hg(NO.i): solution.
The data concerning the measured potential of the membrane electrode were plotted against selected concentrations of the respective ions in an ac|ueous medium using the electrode assembly. The calibration graphs were plotted three times to check the reproducibility of the system. In order to study the characteristics of the electrode, the following parameters were evaluated: low'er detection limit, slope response curve, response time and working pH range.
The respon.se time was measured by recording the e.m.f. of the electrode as a function of time when it was immersed in the solution to be studied. The electrode was usually first dipped in a I X 10"' M solution of the ion concerned, and immediately shifted to another solution (pH -4.0) of 1 x 10-' M ion concentration of the same ion (10 fold higher concentration). The potential of the solution was read at zero second, that is, just after immediate dipping of the electrode in the second solution, and subsequently recorded at intervals of 5 s. The potentials were then plotted against time. The time during which the potentials attained a constant value represents the response time of the electrode.
A series of solutions of varying pH in the range of I to 14 were prepared, while keeping the concentration of the relevant ion constant (i x lO"' M). The pH variations were brought out by the addition of dilute acid (HCI) or dilute alkali (NaOH) solutions. The value of the electrode potential at each pH was recorded, and plotted against the pH.
To study the cationic interference due to other ions, the .selectivity coefficients of various interfering cations for the ionselective membrane electrode were determined by the mixedsolution iTiethod, as discussed elsewhere.'"' A beaker of constant volume contained a mixed solution having a fixed concentration of interfering ion (M"*) (1 x 10'' M) and varying concentrations (1 X 10' -I X 10"'' M) of the primary ion. The potential measurements were then made by using the membrane electrode assembly.
Storage of membrane electrode
An ion-selective membrane electrode prepared by poly-otoluidine Zr(IV) phosphate was stored in distilled water when not in use for more than one day. The electrode was activated with a 0.1 M Kg(N03): solution by keeping it immersed in the solution for 1 h, before u.se, to reimburse for any loss of metal ions that might have been taken place due to long storage in demineralized water (DMW).
The electrode was then thoroughly washed with DMW before use.
Results and Discussion
The composite material poly-n-toluidine Zr(IV) phosphate was prepared by the incorporation of a derivative of polyaniline i.e. poly-o-toluidine, into the m.atrices of inorganic cation-exchanger Zr(lV) phosphate. It i.s clear from Table 1 that the composite cation-exchanger possessed a better Na* ion-exchange capacity 884 ANALYTICAL SCIENCES JULY 2008, VOL. 24 S-l   116  476  200  67  157   1900   60  150  233  44   S-2   40   -11  5  54  23  25   -275  200   S-3   55   -16  25  60  45  77  100  66  60   S-4   40  715  12  16  30  31  133  100  300  400   S-5   50  433  75  66  60  23  175  350  42  45   S-6   38   -13 S-9   114  585  233  100  200  100  200  200  225  23   S-10   54  520  166  66  172  114  60  200  66  60   S-U   116   1560   233  47  133  100  50  22  125  114   S-12   200  357  233  66  325  172  150   -100  40   S-13   16   1820   45  63  233  100  60  150  400  150 S-l, DMW; S-2,0.1 M HCl; S-3, 0.01 M HCl; S-4,0.1 M UNO,; S-5, 0.01 M HNO,; S-6, 10% formic acid; S-7, 20% formic acid; S-8, 30% formic acid; S-9, 10% ethanol; S-10, 20% ethanol; S-l 1, 1C% acetone; S-12, buffer pH 3.75; S-13, buffer pH 5.75.
(1.71 meq dry g-') as compared to Zr(IV) phosphate (1.46 meq dry g"'). Distribution studies of 12 metal ions were ach.eved in different solvent systems to realize the selective nature of this composite material (S-l) for fabricating a heterogeneous ionselective membrane electrode. The distribution studies (Table 3) showed that the A' j values varied with the nature and the composition of the contacting solvents, ll was also ob,served from sorption studies {Kj values) that the composite had a maximum selectivity towards Hg-"*, because mercury was highly adsorbed in all solvents, while the remaining metal icns were poorly adsorbed. The adsorption and ion-selective properties of this composite cation-exchanger may be confirmed by the high uptake of mercury ions in all solvents. On this basis, the composite cation-exchanger was used as an eiectroactive component in the preparation of a heterogeneous ion-selective membrane electrode sensitive to Hg(H) ions.
Preliminary experiments were carried out to find an optimum membrane composition of good electrochemical performance for fabricating the electrode. The optimized membrane was then used to 'est the performance of the membrane electrode. Therefore, four samples of poly-o-toluidine Zr(lV) phosphate cation-selective membranes were prepared using different mixing ratios of poly-o-toluidine Zr(IV) phosphate as an eiectroactive material, and PVC as a binder dissolved in tetrahydrofuran (THF) with a fixed amount (10 drops) of plasticize:' dioctylphthalate. The amount of the ion-exchanger was varied so as to change the thickness of the membranes coating. The results are given in Table 2 . It was observed that as the am.ount of eiectroactive component of the meirbrane i.e. poly-o-toluidine Zr(lV) phosphate increased, the thickness, swelling, water content, porosity increased. Thus, the low orders of water content, swelling and porosity with less thickness of this membrane suggest that the interstices are negligible and diffusion across the membrane would occur mainly through the exchange sites. Hence, membraie sample M-1 (thickness 0.14 mm) was selected for the preparation of an ion-selective electrode for further studies. Howevjr, further various characteristics are necessary for a membrane ion-selective electrode to be considered as a suitable sensor for the quantitative measurement of ions. The most important characteristics are the slope, working concentration range, response ;ime. pH, selectivity and life span of the membrane electrode.
The potentio'iietric response of the meinbrane electrode prepared from membrane sample M-1 over a wide concentration range 10"' -10"" is shown in Fig. 1 . The electrode showed a linear Nernstian response for Hg(ll) ions in the concentration range 1 x 10"' -1 x IQ-*" M with an over Nernstian slope of 30 mV per decade change in concentration. The limit of detection of the electrode, as determined according to the lUPAC recoiriinendalion'"''-form the intersection of two segments of calibration curve, was 1x10'* M. An over-Nernstian response in electrode of this kind is common.'''"'^ A calibration curve was made by measuring the electrode response to standard solutions prepared by serial dilution without the addition of extra indifferent salts. The ionic strength will increase linearly with an increase in the concentration. This would lead to a gradual decrease of the activity coefficient; the calibration curve (E vs. log(concentration)) showed a negative deviation from the straight line for concentrations above lO'' -10"-M. This curvature of the calibration curve can be precluded by working at a constant ionic strength. This is commonly achieved by adding a large excess of an indifferent electrolyte, the ionic strength buffer.
it was observed that the response time of the poly-o-toluidine Zr(lV) phasphate membrane electrode was 5 s, according to the lUPAC recommendations,* to reach a potential within ±2 mV of its final equilibrium value. Although solid contact electrodes are often criticized for their poor response and stability, the response of this electrode is quick, and the lifetime is reasonable, at least for 3 months. It is very important that the performance of any ion-selective electrode should be checked soon every time before using it for any analytical purpose. For the present poly-<9-toluidine Zr(lV) phosphate irembrane electrode, it was observed that the measured potential of Hg-* ions in a given concentration range of 10"' -10''' M was reproducible within ±2 mV, and there was no significant change in the slopie of the Nernst plot during the experiment o\'er a time period of 3 months. This suggests a longer electrode ,ife and a stable electrode performance.
A comparison of the present Hg'*-lSEs with thos; already reported in the literature is gi\'en in Table 4 . From Table 4 . it is clear that the perforinance of the proposed Hg(ll) ion-selective membrane electrode based on the organic-inorganic composite cation-exchanger polyaniline Sn(lV) phosphate is comparable, and even better in many respects, such as the slope, response time, linear concentration range, lifetime, pH range and selectivity. It is clear from Fig. 2 that the pH influenced the response characteristics of the proposed Hg(II) ion-selective membrane electrode: that the potential remained unchanged within the pH range 2 -8. After that pH, the electrode behaved in an erratic manner, which may be because mercury ions formed a hydroxyl complex and precipitated. Thus, we can say that the optimum pH range of operation of this electrode was pH 4 -7.
The selectivity of the composite cation-exchanger is dependent on the distribution coefficient pattern, while that of for the electrods is upon the potentiometric selectivity coefficient values. Thus, the selectivity of the membrane electimle is one of the most important characteristics, which is a measure of its response for the primary ion in the presence of other ions, i.e. interfering ions. The selectivity of the electrode is determined in terms of potentiometric selectivity coefficient, Kn^\u by mixed solution methods.-" The selectivity coefficients of various cations for the Hg(ll) ion-selective poly-(7-toluidine Zr(lV) phosphate menibrane electrode at pH 4 were determined, and form Fig. 3 and the results ai-e suminarized in Table 5 . The selectivity coefficients of bivalent and trivalent metal ions, like Co(ll), Zn(ll), Cd(II), Pb(]I), Ba(II), Cr(III), Fe(lII) and Al(Ill), showed somewhat higher values and interfered to a very little extent. However, Ba(II), Mg(n), Ca(Il), Sr(II) and Al(iri) showed very low selectivity coefficients, and hence interference was found to be negligible. However, the values of the selectivity coefficients in case of monovalent cations, like Na(I) and K(I), are exceptionally high due to the smaller charge of the interfering ions. Therefore, despite their large selectivity coefficients, these ions would not disturb the functioning of the Hg(ll)-selective membrane electrode. Thus, the results revealed that the electrode was selective for Hg(ll) in the presence of interfering cations. Therefore, it is understandable the poiy-otoluidine Zr(lV) phosphate interacts relatively strongly with Hg(ll) ions, and can be successfully used as a sensing agent for mercurv-selective electrodes. ANALYTICAL SCIENCES JULY 2008, VOL, 24 
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Analytical application
The analytical utility of this membrane electrode has been established by employing it as an indicator electrode in the potentiometcric titration of a 0,01 M Hg(NO_i)i solution against EDTA, o.xalic acid and potassium dichromate solutions as titrants. The results are shown in Fig, 4 , For this purpose, 5 ml portions of HgCNOj); solutions were pippeted out in three different beaters, and the volume of each beaker was raised up to 20 ml by adding demlneralized water. The solutions were titrated agamst EDTA. oxalic acid and potassium dichromate solutions respectively; the electrode potential was nuasured after each addition of 0,5 ml. The necessary adjustment of pH (-4) was made before adding the litrant. The addition of titrants caused a decrease in the potential as a resiit of a decrease in the free Hg(ll) ion concentration due to the formation of a complex with titrants. The amount of HgJI) ions in solutions can be accurately determined from the resulting neat titration curves, providing a sharp end point. Potent ometric titrations of Hg(ll) were also successfully carried out in the presence of 1 x 10"^ M Ni(ll), Cu(Il) and Zn(ll), hence demonstrating its applications as a sensor developed for the potentiometric determination of Hg(II) in mixtures, Poly-otoluidine Zr(lV) phosphate, Hg=* ion-.selective membrane electrodes were also applied to direct measurements of Hg=* in the drain water collected from Department of Applied Chemistry. Aligarh Muslim University, Aligarh, India. The samples were collected by a routine technique from five different locations of drains, and preserved with HNO3, stored in glass bottles and analyzed within 12 h after collection. Since the samples contained particulate matters, they were centrifuged. and the potentials were measured after adjusting the pH to -4 with HNO3 or NHi. Three replicate measurements w:re tnade to obtain (he Hg(Il) contents in five samples with this electrode using the membrane sensor's calibration graph.
The concentration of mercury in the sample was 10"' M, and the reproduclDility of the results was checked up to three times. the presence of metal nitrate solutions.
Introduction
Electrical conducting organic-inorganic composites are atjvanced class of materials [I] used as cationic exchanger [2] [3] [4] with various possible application such as in making ion-selective membrane electrode, separations of heavy metals from waste water. Organic polymeric part of the composite provide mechanical and chemical stability, where as inorganic part support the ion-exchange behavior, thermal stability and also increase the electrical conductivity. Such a modified composite materials can be applied as electrochemically switchable ion-exchanger [5, 6) for water treatment, especially water softening. This ion-exchanger can be regenerated without chemical additives or water electrolysis. The conducting polymer-based nanocomposites have shown great potential in gas sensing 17]. One type of the cojnposites contains a conducting polymer (polypyrrole, polyaniline, etc.) and metal oxides of iron [8, 9] . Nanocomposite [10, 11 ] (thorium(IV) phosphate) prepared by sol-gel method has shown conducting behavior and excellent ion-exchange properties with electrochemical application.
The following study summarizes the preparation, characterization and electrical conducting behavior of nanocomposite poly-o-toluidine 2r(lV) phosphate. Separation of metal ions have been performed on the surface of the material. The material is found more thermally stable than other materials of this class.
Experimental
Reagents and instruments
The main reagents used for the synthesis of the material were obtained from CDH, GSC, E-merck (India). Ail other reagents and chemicals were of analytical reagent grade. A digital pH meter (Elico LI-10, India), a double beam atomic absorption spectrophotometer (GBC 902, Australia), a digital flame photometer (Elico CL 22D, India), a UV/vis spectrophotometer (Elico El 301E, India), a water bath incubator shaker, a four-in-line probe d.c. electrical conductivity-measuring instrument (Scientific Equipment, Indi^l were used.
Preparation of reagent solutions
0.1 M solutions of zirconium oxychloride (ZrOCl2-8H:iO) and phospiioric acid (H3PO4) of different molarities were prepared in 4 M HCI and demineralised water {DMW), respectively. Solutions of 20% (v/v) o-toluidine (C7H9N) and 0.4M ammonium persulphate ((NH4)2S208) were prepared in2M HCI.
Synthesis of polymer
Syntfiesis of poly-o-toluidine
The organic polymer derivative of polyaniline that is poly-otoluidine was prepared by mixing in similar volume ratios of the solution of 0.4 M ammonium persulphate prepared in 4 M HCI into 20% o-toluidine prepared in 2 M HCI with continuous stirring by a magnetic stirrer for 2 h at 0 C: a green-colored gel was obtained. The gel was kept for 24 h at 0 'C.
Synthesis of inorganic precipitate 2.4.1. Synthesis of zirconium(!V) phosphate
The method of preparation of the inorganic precipitate of Zr(IV) phosphate ion-exchanger was very similar to that of Aloerti and Constantino (12] , with slight modification (131 by mixing a solution of 0.1 M ZrOCl2-8H20 in 4 M HCI at the flow rate at 0.5 ml min"' to an aqueous solution of H3 PO4 in different molarities. The pH of the solution was maintained at 2 and constant stirring was done during mixing using a magnetic stirrer at room temperature (25 + 2 C). The white-colored gel was left for 24h at room temperature for digestion.
Preparation of poly-o-toluidine Zr( IV) phosplwte composite cation-exchange material
The compo.site cation-exchanger was prepared by the sol-gel mixing of poly-o-toluidine, an organic polymer, into the inorganic precipitate of ;:irconium(lV) phosphate. In this process, when the gels of poly-o-tokiidine were added to the white inorganic precipitate of zirconium(lV) phosphate with a constant stirring, the resultant mixture were turned slowly into a greenish black-colored slurries. The resultant greenish black-colored slurries were kept for 24 h at room temperature. Now the poly-o-toluidine-based composite gels were filtered off, washed thoroughly with DMW to remove excess acid and any adhering trace of ammonium persulphate. The washed gel was dried over P2O5 at 40'C in an oven. The dried product was washed again with acetone to remove oligom.ers present in the material, and dried at 40 C in an oven. The dried product was cracked into small granules and converted into H*-forrn by treat- ing with 1 M HNO3 for 24 h with occasional shaking intermittently replacing the supernatant liquid with fresh acid two to three times. The excess acid was removed after several washings with DMW and finally dried at 50 C The particle size of approximately 125 [im of the composite cation-exchanger was obtained by sieving and stored in desiccators. The composite cation-exchanger having maximum capacity (1.71 mequiv.dryg"') as compared to Zr(lV) phosphate (1.46 mequiv. dryg '), was selected for the detailed studies of ion-selective electrode preparation. The condition of preparation and the ion-exchange capacity (lEC), physical appearance of the composite cation-exchanger poly-o-toluidine Zr(l\/) phosphate (sample S-5j are given in Table 1 .
Ion-exchange properties of poly-o-toluidine Zr(lV) phosphate
Ion-exchange capacity
Poly-o-toluidine Zr(IV) phosphate is a cation-exchanger. The exchange capacity, which is generally taken as a measure of the hydrogen ion liberated by neutral salt to flow through the composite cation-exchanger was determined by standard column process. One gram (1 g) of the dry cation-exchanger, sample S-5 in the H*form was taken into a glass column having an internal diameter (i.d.) -1 cm and fitted with glass wool support at the bottom. The bed length was approximately 1.5-cm long. 1 M alkali and alkaline earth metal nitrates as eluants were used to elute the H* ions completely from the cation-exchange column, maintaining a very slow flow rate (-O.Smlmin'"'). The effluent was titrated against a standard (0.1 M) NaOH solution for the total ions liberated in the solution using phenolphthalein indicator and the lEC in mequiv. g^' are given in Table 2 .
Effect ofeluant concentration
To find out the optimum concentration of the eluant for complete ekition of H* ions, a fixed volume (250ml) of sodium nitrate (NaN03) solution of varying concentrations were passed through a column containing 1 g of the exchanger in the H*-form with a flow rate of ~0.5 ml min"'. The effluent was titrated against a standard Table 1 Conditions of preparation and the ion-exchange capacity of poly-o-toluidine Zr(IV) phosphate composite cation-exchange material 
Elution behavior
Since with optimum concentration for a complete elution was observed to be 1.4 M for sample S-5, a column containing 1 g of the exchanger in H*-fcrm was eluted with NaNOs solution of this concentration in different 10 ml fractions with minimum flow rate as described above and each fractions of 10 ml effluent was titrated against a standard alkali solution for the H^ ions eluted out. This experiment was conducted to find out the minimum volurre necessary for almost complete elution of H* ions, which determines the exchange efficiency of the column as shown in Fig. 2 .
pH-titration
pH-titration studies of poly-o-toluidine Zr(IV) phosphate (S-5) was performed by the method of Topp and Pepper [14] . A total of 500mg portions of the cation-exchanger in the H*-fonn were placed in each of the several 250 ml conical flasks, followed by the addition of eiiuimolar solutions of alkali metal chlorides and their hydroxides in different volume ratios, the final volume w/as kept 50 ml to maintain the ionic strength constant. The pH of the solution was recorded every 24 h until equilibrium was attained which needed -5 days and pH at equilibrium was plotted against the milliequivalents of OH " ions added ( Fig. 3 ). 
Cliemicai composition
To determine the chemical composition of poly-o-toluidine Zr(lV) phosphate (sample S-5), 200 mg of the sample was dissolved in 20 ml of concentrated H2SO4. The material was analyzed for 'zirconium(lV)' by ICP-MS and phosphate by the phosphovanado molybdate method. Carbon, hydrogen and nitrogen contents of the cation-exchanger were determined by elemental analysis. The weight percent composition of the material is presented in Table 3 .
Thermal effect on lEC
To study the effect of drying temperature on the lEC, 1 g samples of the composite cation-exchange material (S-5) in the H*-form were heated at various temperatures in a muffle furnace for 1 h antJ the Na* ion-exchange capacity was determined by column process after cooling them at room tempei'ature. The results are given in Table 4 .
Simultaneous TGA-DTA studies were also carried out on heating the sample S-5 (as prepared) upto 1000°C at a constant rate (lO'^Cmin"') in the air atmosphere.
Thermal (TGA and DTA) studies
Simultaneous TGA and DTA studies of the composite cationexchange material (poly-o-toluidine Zr(lV} phosphate, S-5) in original form were carried out by an automatic thermobalance on heating the material from 10 to 900 C at a constant rate (10 Cmin"') in the air atmosphere (air flow rate of 200ml min^') as shown in Fig. 4 .
FTIR(Fouriertransjorm infrared)studies
The FTIR spectrum of poly-o-toluidine (sample S-3);Zr( IV) phosphate (sample S-2) and poly-o-toluidine Zr(IV) phosphate (sample S-5) in the original form dried at 50"C were taken by KBr disc method at room temperature and is given in Fig. 5 .
2.W. X-ray analysis
Powder X-ray diffraction (XRD) patterns were obtained in an aluminiuiTi sample holder for the sample S-5 (poly-o-toluidine Zr(IV) phosphate) in the original form using a PW 114&/89-based diffractometer with Cu Ka radiations and is shown in Fig. 6 . 
2.U. TEM (transmission electron microscopy) studies
TEM studies were carried out to know the particle size of the poly-o-toluidine Zr(J\/) phosphate composite cation-e>:change material as shown in Fig. 7 .
Microphotographs of the original form of poly-o-toluidine, (S-3); inorganic precipitate of Zr(IV) phosphate, (S-2); organic-inorganic composite materials poly-o-toluidine zirconium(lV) phosphate, (S-5) were obtained by the scanning electron microscope at various magnifications as shown inFig. 8.
Selectivity (sorption) studies
The distribution behavior of metal ions plays an important role in the determination of selectivity of the material. In certain practical applications, equilibrium is most conveniently expressed in terms of distribution coefficients of the counter ions.
The distribution coefficient (Kj values) of various metal ions on poly-o-toluidine Zr(lV) phosphate were determined by batch method in various solvents systems. Various 200 mg of the composite cation-exchanger beads (S-5) in the H*-form were taken in Erlenmeyer flasks with 20 ml of different metal nitrate solutions in the required medium and kept for 24 h with continuous shaking for 6h in a temperature-controlled incubator shaker at 25±2 C to attain equilibrium. The initial metal ion concentration was to adjust that it did not exceed 3% of its total ion-exchange capacity. The metal ions in the solution before and after equilibrium were determined by titrating against standard 0.005 M solution of EDTA 116). Some heavy metal ions such as |Pb^*, Cd^*, Cu^*, Hg^*, Ni^'", Mn^*, Zn^*] were determined by atomic absorption spectropho- tometry (MS). The distribution quantity is given by the ratio of amount of metal ion in the exchanger phase and in the solution phase. In other word, the distribution coefficient is the measure of a fractional uptake of metal ions competing for H* ions from a solution by an ion-exchange material and hence mathematically can be calculated using the formula given as: /<d(mlg-') = m moles of metal ions / g of ion-exchanger m moles of metal ions / ml of solution
where / is the initial amount of metal ion in the aqueous phase, F is the final amount of metal ion in the aqueous phase, l/is the volume of the solution (ml) and M is the amount of cation-exchanger (g).
2A4. Quantitative separation of metals ions
Quantitative binary separations of some important metal ions of analytical utility were achieved on poly-o-toluidineZr[IV) phosphate column, Ig of the cation-exchanger, S-5 (-125 |im) in H*-form were used for column separations in a glass tube having an internal diameter of ~0.6 cm and a height of 35 cm. The column was washed thoroughly with DMW and the mixture of two metal ions having initial concentrations of 0.01 M each, to be separated was loaded on it and allowed for 1 h to absorb the metal ions on the exchanger and pass on to the column gently (maintaining a flow rate of 2-3 drops per min) till the level was above the surface of the material. After recycling two or three times to ensure complete absorption of the mixture on column beads, the separation was achieved by passing a suitable solvent at a flow rate of "I ml min'' through the column as eluent. The metal ions in the effluent were determined quantitatively by MS and EDTA titration.
2.J5. Electrical conductivity measurements
2A6. Sample (pellet) preparation
The sample material was dried completely at 45 and 50'C in an oven. Then 200 mg material was finely grounded in a mortar pastel and pellets were made at room temperature with the help of hydraulic pressure instrument at 25 kN pressure for 20 min. The thickness of pellets was measured by a micrometer at five different points and the average thickness was taken as the thickness of the pellet sample. Electrical conductivity studies were performed on pressed material.
CH3
-NH3 4 5S2O8 on pressed pallets of composite material with increasing temperature (30-180 C) by using a four-in-line probe d.c. electrical conductivity-measuring instrument.
After the measurements of current-voltage data from the instrument, the electrical conductivity of the solid samples can be calculated using the following equation:
where a is the electrical conductivity in S/cm, Cy {WjS) is the correction factor used for the case of non-conducting bottom surface and it is a function of W, thickness of the sample under test (cm) and S, probe spacing (cm), i.e.
IV\ _ ^2S
Cj loge2 (4) and no = l{V27TS) (5) where / is the current (A) and V is the voltage (V).
This composite material was also treated with 1 M NaCl, KCI, ZnCl2, Pb(N03)2, MgCl2 and Cu(N03)2 solutions, and electrical conductivity measurements were carried out on these different forms (Na*, IC, Zn^*. Pb^*. Mg^* and Cu^*), of composite cation-exchange materials.
The isothermal stability of poly-o-toluidine Zr(iV) phosphate composite in terms of d.c. electrical conductivity retention was carried out on the selected samples (treated with 1 M HCl) at 50, 70, 90,110 and 130 C in an air oven.
Results and discussion
The main objective of this research work is to add a new material in advance class of electrically conducting nanocomposite cationexchange materials. Thus various samples of organic-inorganic electrically conducting nanocomposite poly-o-toluidine Zr(IV) phosphate were chemically prepared by sol-gel mixing of organic polymer poly-o-toluidine into inorganic precipitate Zr(IV) phosphate (Table 1 ). Among them sample 5-5 was selected due to its better Na* ion-exchange capacity (1.71 mequiv. dry g~') as compared to Zr(lV) phosphate (1. 46mequiv.dryg~'), high percentage of yields, chemical, mechanical and thermal stabilities.
Poly-o-toluidine gel was prepared by oxidation coupling using {NH4)2S208 in acidic medium (17) as given in the following reaction:
.CH3
CH CH3
NH-+ 12H + IOSO4
The binding of poly-o-toluidine into the matrix of Zr(IV) phosphate is possible due to ionic interactions between the radical cation of poly-o-toluidine and anionic groups of Zr(lV) phosphate as given in the following reaction: minimum molar concentration orNaN03 as eluanl for sample S-5 was 1.4 M for maximum release of H* ions from 1 g of the cationexchanger as evident fiom Fig. 1 . The elution behavior indicated that the exchange is quite fast because only 250 ml of sodium nitrate solution (1.4 M) is enough to release the total H* from 1 g of poiyo-toluidine Zr(IV) phosphate cation-exchange material (Fig. 2) .
The pH-titration curves for poly-o-toiuidine Zr{IV) phosphate (sample S-5) was obtained under equilibrium conditions with NaOH/NaCI, KOH/KCl and LiOH/LiCI. systems indicating biliinctiona! behavior of the materials as shown in Fig. 3 .The rate of H*-l<* exchange was faster than those of H*-Na* and H*-Li* exchanges.
The percent composition of Zr, P, C, H, N and 0 in the material was found to be 26.3, 12.5, 38.75, 4.478. 7,938 and 10.034. The molar ratio of Zr. P, C, H, N and 0 in the material estinated as 1:1.3:11:15:2;2.2, which suggest a tentative formula as (Zr02) (H3P04)(CH3C6H4NH2).
On heating at different temperatures for 1 h, the mass and physical appearance of the dried sample material (S-5) were changed as the temperature increased as shown in Table 4 . The weight loss starts from 100 C but without change of its ion-exchange capacity upto 150' C. The material was found thermally stable upto 400 "C as the sample maintained 65% of its initial mass and without change in its color and appearance and it retains 50% of ion-exchange capacity. It may be due to the loss of external water molecule and condensation of material. Above 400' C color of the material starts to change with loss of mass which indicate the decomposition of materials. The results also support the TGA studies.
The thermogravimetric analyses (TCA-DTA) curve ( Fig. 41 of the material showed continuous weight loss of mass (about 10%) up to 150 'C, which may be due to the removal of external water molecule 118). Further weight loss of mass in between 149 and 350 C may be due to the condensation of intramolecular hydroxyl group. A steep weight loss of mass observed in the temperature range 350--500'C may be due to the conversion of phosphate group to pyrophosphate. Slight decomposition of organic part may be observed in the temperature range 500-650' C. At 650 C onwards, a smooth horizontal section represented the complete formation of the oxide form of the material. The DTA curve shows the reaction is exothermic during the change of phase of material, broad peaks at 280 and 480' C can be observed.
The FT-IR spectra of poly-o-toluidine, Zr(IV) phosphate and poly-o-to!uidine Zr(IV) phosphate are shown in Fig. 5 . The FTIR spectrum of the composite cation-exchanger, sample S-5 (Fig. 5c ) showed the presence of extra water molecule in addition to the -OH groups and metal oxides present internally in the material. In the spectrum a strong broad band around 3400 cm"' is found which could be attributed to -OH stretching frequency. The peak at the around 1600 cm"' may be due to the interstitial water present in the composite material (19) . An assembly of three peaks in the 500-800cm~' region showed the presence of ionic phosphate groups [20] as well as metal oxygen bonds present in the material. The additional band at around 1400cm'^' can be ascribed to stretching vibration of C-N (21) . This indicates that the materia) contains considerable amount of poly-o-toluidine. These vibration frequencies are in close resemblance with the FTIR spectrums of poly-o-toluidine ( Fig. 5a ) and poly-o-toluidine Zr(IV) phosphate (Fig. 5c) .
The X-ray powder diffraction pattern of this cation-exchanger (sample S-5, as-prepared) recorded on powdered sample exhibited no peak in the spectrum (Fig. 6) suggesting an amorphous nature of the composite material. From theTEM studies it is clear (Fig. 7) that the poly-o-toluidine Zr(!V) phosphate cation-exchange material shows particle size range of 42.0-100.0 nm, thus the material particle size shows the nano-range.
SEM photographs of poly-o-toluidine, Zr(IV) phosphate and poly-o-toluidine Zr(lV) phosphate obtained at different magnifications ( Fig. 8) indicate the adhesion between two phases, i.e. inorganic ion-exchange material with organic polymer(poly-otoluidine). The SEM pictures showed the difference in surface morphology of organic polymer, inorganic precipitate and composite material. It has been revealed that after binding of poiy-o-toluidine with Zr(IV) phosphate, the morphology has been changed.
In order to find out the potentiality of this composite material (S-5) in the separation of metal ions, distribution studies for 23 metal ions were performed in 10 solvent systems. The distribution studies ( Table 5 ) showed that K^ values varied with the nature and composition of contacting solvents. It was also observed from the sorption studies (Kj values) that the composite has a maximum selectivity towards Hg^* because mercury was highly adsorbed in all solvents, while remaining metal ions were poorly adsorbed. The separation capacity of the material has been demonstrated by achieving some important binary separations, viz. Hg(II)-Cu(ll), Hg(II)-Co(ll), Hg(ll)-Pb(ll), Hg{ll)-Fe(lll), Hg{II)-Sr(il), etc. Table 6 summarizes the .salient features of these separations. The order of elution and eluant used separation are given in Fig. 9 , The separations are quite sharp and recovery is quantitative and reproducible.
Electrical conductivities of the pellets of poly-o-toluidine-based Zr(IV) phosphate composite samples were determined from the measurement of conductivity of the samples using the four-probe method of conductivity measurement for semiconductors. The variations of electrical conductivity (a) of the poly-o-toluidine Zr(iV) phosphate composite samples (as prepared and HCI treated) (prepared with 20% o-toluidine concentration, vol.%) by raising temperatures (between 30 and 180 C) are carried out. On examination, it was observed that the electrical conductivity of the sample increase with the increase in temperature and the values lie in 1000/T(K) the order of 10"^ to 10"^ Scm^', i.e. in the semiconductor region. Although the presence of organic groups (CH3~) in poly-o-toluidine should decrease the electrical conductivity, if it is compared with polyaniline composites (lO^^ {Q io-3scm~') 14], however electrical conductivity of this material is not effected. It may be due to the presence of Zr(IV) phosphate which is a good ion-exchanger. To determine the nature of dependence of electrical conductivity on temperature, plots of log cr versus 1000/r(l<) were drawn and they Table 7 Four-probe d.c. electrical conductivity of different forms of poly-o-toluidine Zr(lV) phosphate composite system at ambient temperature (prepared with 20% otoluidine monomers) Sample no.
Poly-o-tokiicline Zr(IV) phosphate composite
Conductivity (S cm"'
As prepared HCI treated NaCI treated ZnCb treated KCItreated Pb(N03)2 treated MgCl2 treated Cu(N03)2 treated 1.08x10-2 1.37 X 10-5 1.83x10-2 1.72x10 2 8.10x10" 4.19 X 10-2 1.21 xl0 2 1.66x10-' 20 30 40 Time / min. followed Arrhenius equation similar to other semiconductors as shown in Fig. 10122 ]. It was also observed that the composite marerials showed enhanced electrical conductivity on exposure to HCI as compared to original form, due to the charge-transfer reaction between poly-o-toluidine component of the composite and dop.ng agent HCI, The energies of activation of electrical conduction for the composite samples (as prepared and HCI treated) calculated from the slopes of the Arrhenius plots were 19,97 and 16.58 eV, respectively. This composite material was also treated with 1 M NaCl, ZnClj, Pb{N03)2, KCl, MgCi2 and Cu(N03)2 solutions, and electrical conductivity measurements were carried out on these different forms (Na*, Zn^*, IC, Pb2\ Mg^* and Cu^*), of materials. It was observed that the sample treated with Pb(N03)2 showed the higher electrical conductivity and treated with KCl and Cu(N03)2 showed lower electrical conductivity at room temperature as given in Table 7 ,
The thermal stability of the composite material (HCI treated) in terms of d.c. electrical conductivity retention was studied under isothermal condition (at 50, 70, 90, 110, 130 and 150'C) measuring four-probe-in-line d.c. electrical conductivity at an interval of 15min. The electrical conductivity (ff/ao) versus time (min) is shown in Fig. 11 . It was observed that the electrical conductivity for poly-o-toluidine Zr(IV) phosphate composite material is quite stable at 50,70,90 and 110 C that supports the fact that the d,c. electrical conductivity of the composites is sufficiently stable under ambient temperature conditions. The electrical conductivity decreases with time at 130 and 150 C that may be attributed to the less of dopant and the chemical reaction of dopant with the material.
Conclusions
Poly-o-toluidine Zr(lV) phosphate, an organic-inorganic composite material synthesized by the sol-gel mixing have good ion-exchange capacity (1.71 mequiv.g""') as compared to Zr(lV) phosphate (1.46 mequiv. g"'} providing a new material for advance class of nanocomposite cation-exchange material. TEM photograph shows the particle size of the composite material within the range of 42.0-100.0 nm and thus material can be considered as nanocomposite material. The characterization of poly-o-toluidine Zr(lV) phosphate is justified on the basis of FTIR, TGA-DTA, X-ray, SEM, elemental analysis and thermal treatment. It is also observed from the selectivity studies that the material is highly selective for Hg(II). The chromatographic potentiality of this composite cation-exchanger has been explored by achieving some important binary separations on its column. It is evident from the separation achieved that recoveries are quantitative and reproducible. It is quite clear from the fact that the composite cation-exchanger in a semiconductor lies in the range of 10"^ to 10"^ S cm~^ It is also observed from isothermal technique of conductivity measurement that the material with respect to d.c. electrical conductivity is stable upto 110 C.
Introduction
Synthetic organic-inorganic composite cation-exchange materials have received a great deal of attention because of their stability and reproducible analytical and electroanalytical applications . Organic polymers of composite material provide the mechanical strength and increase the surface area for more available exchangeable sites of the inorganic part. Nano composites of organic-inorganic cation-exchange materials prepared by sol-gel method are advance class of materials that are expected to provide many possibilities [10, 11) . Development of fibrous type organic-inorganic composite can also open more opportunities in their environmental application as they exhibit high efficiency in the process of sorption from liquid and gaseous media (12) (13) (14) (15) (16) (17) (18) , Paper like strips fabricated from such materials can be used as indicator in identification of various ions in polluted water. Such paper like strips may provide a new material in paper chromatographic techniques in separation and identification of different chemical species in a given sample.
Precipitate based ion-selective membrane electrodes are well known as they are successfully employed for determination of sev- eral anions and cations. The ion-selective membranes obtained by embedding ion-exchangers as electroactive materials in a polymer binder, i.e. epoxy resin (Araldite) or polystyrene or PVC, have been extensively studied as potentiometric sensors, i.e. ion sensors, chemical sensors or more commonly ion-selective electrodes.
In view of the above application of fibrous type material, Nylon-6,6 Sn(lV) phosphate composite material is developed in the present research work. The material is characterized and used in making Hg(ll) ion-selective membrane electrode.
Experimental
Reagents and instruments
Reagents used for the synthesis of the material were obtained from CDH, CSC, E-merck (India). All other reagents and chemicals were of analytical reagent grade. A digital pH meter (Elico LI-10, India), a double beam atomic absorption spectrophotometer (CBC 902, Australia), a digital flame photometer (Elico CL 22D, India), a UV/Vis spectrophotometer (Elico El 301E, India), a water bath incubator shaker were used.
Preparation of reagent solutions
u.lOmoldm-^'^ Stannic chloride (Sna4-5H20) solution was prepared in 4.0moldm-^ HCI, while O.lmoldm-^ disodium hydrogen oithophosphate (Na2HP04) solutions were prepared in demineralized water (DMW). DiOerent amount of Nylon-6,6 were dissolved in dilTerent volume of concentrated lormic acid.
Preparation of Nylon-6,6 Sn(IV) phosphate composite cation-exchange material
Stannic(IV) phosphate precipitates were obtained by adding O.lOmoldm ^ stannic chloride (SnCl4-5H20) solution prepared in 4.0moldm ' HCI at the flow rate of O.SOcm^min ' to solutions of O.lOmoldm ^ disodium hydrogen orthophosphate (Na2HP04) solution prepared in DMW of different molarities. The white precipitates were obtained, when the pH of the mixtures was adjusted 1.0 by adding aqueous ammonia with constant stirring. The gels of Nylon-6,6 prepared in concentrated formic acid were added into the white inorganic piecipitate of Sn(IV) phosphate and mixed thoroughly wiili constant stirring. The white fibers were obtained which were kept for 24h at room temperature for digestion. The supernatant liquid was decanted and fibers were filterec by suction. The excess acid was removed by several washings with DMW and the materials were dried in an air oven over P^Ojo at 40' C. The dried products were converted to H'-form by treating with 1.0 moldm "^ HNO3 for 24 h with occasional shaking intermittently replacing the supernatant liquid with fresh acid. The excess acid was removed after several washings with DMW and finally dried at 50 C. Hence, a number ofsaniplesof'Nyion-6,6Sn(IV) phosphate' fibrous cation-exchanger were prepared (Table 1 ) and on the basis of Na* ion-exchange capacity (lEC), percentage of yield and physical appearance of material, sample S-4 was selected for detailed studies.
Ion-exchange properties ofNyton-6,6 Sn(lV) phosphate
Ion-exchange capacity (!EC)
1.0 g of the dry cation-exchanger, sample S-4 in the H* -form was taken into a glass column having an internal diameter (i.d.)~l cm and fitted with glass wool support at the bottom. The bed length was approximately 1.5cm long. l.Omoldm"^ alkali and alkaline earth metal nitrates as eluants were used to elute the H* ions completely from the cation-exchange column, maintaining a very slow fiow rate (-0,5 cm^ m.in"'). The effluent was titrated aga .nst a stan- dard (0.1 mol dm"-^) NaOH solution for the total ions liberated in the solution using phenolphthalein indicator and the lEC are given in Table 2 .
Effect ofeluant concentration
To find out the optimum concentration of the eluant for complete elution of H* ions, a fixed volume (250 cm^) of sodium nitrate (NaNOs) solution of varying concentrations ranging from 0.20 to 1.60 mol dm"^ with a unit difference of 0.20 mo! dm~^ were passed through a column containing 1 g of the exchanger in the H*-form with a fiow rate of-0.5 cm^ min"'. The effluent was titrated against a standard alkali solution of 0.1 moldm"^ NaOH for the H* ions eiuted out. A maximum elution was observed with the concentration of 1.0 mol dm"^ NaN03 as indicated in Fig. 1, 
Elution behavior
Since with optimum concentration for a complete elution was observed to be 1,0 mol dm'^ for sample S-4, a column containing 1 g of the exchanger in H*-form was eiuted with NaNOs solution of this concentration in different lOcm^ fractions with minimum flow rate as described above and each fractions of 10 cm^ effluent was titrated against a standard alkali solution for the H* ions eiuted out. This experiment was conducted to find out tiie minimum volume necessary for almost complete elution of H* ions, v/hicli determines the excliange efficiency of the column as shov^n in Fig. 2 .
pH-Citration
pH-titration studies of Nylon-6,6 Sn(iV) phosphate (S-4) was performed by the method of Topp and Pepper [19] . A total of 1.0g portions of the cation-exchanger in the H*-form were placed in each of the several 250 cm^ conical flasks, followed by the addition of equimolar solutions of alkali metal chlorides and their hydroxides in different volume ratios, the final volume was kept 50 cm-^ to maintain the ionic strength constant. The pH of the solution was recorded every 24 h until equilibrium was attained which needed ~5 days and pH at equilibrium was plotted against the mllliequivaients of OH" ions added Fig. 3 . 
Physico-cbemicat properties of Nylon-6,6 Sn(IV) phosphate composite cation exchange material 2.5.1 Chemical composition
To determine the chemical composition of Nylon-6,6 Sn(IV) phosphate (sample 4). 200 mg of the sample was dissolved in 20 cm^ of concentrated H2SO4. The material was analyzed for 'tin{IV)' by ICP-MS and phosphate by the phosphovanado molybdate method |20]. Carbon, hydrogen and nitrogen contents of the cation-exchanger were determined by elemental analysis.
Thermal effect on ion-exchange capacity (lEC)
To study the effect of temperature on the lEC, 1 g samples of the composite cation-exchange material (S-4) in the H*-form were heated at various temperatures in a muffle furnace for 1 h and the Na* ion-exchange capacity was determined by column process after cooling them at room temperature. The results are given in Table 3 .
FFIR [Fourier Transform Infra Red) studies
The FTIR spectrum of Sn(lV) phosphate (sample S-1) and Nylon-6,6 Sn(IV) phosphate (sample S-4) in the original form dried at 50' C were taken by KBr disc method at room temperature and is given in Fig. 4 .
X-ray analysis
Powder X-ray diffraction (XRD) patterns were obtained in an aluminium sample holder for the sample S-4 (Nylon-6,6 Sn(!V) phosphate) in the original form using a PW 1148/89 based diffractometer with Cu Ka radiations and is shown in Fig. 5 .
SEM (Scanning Electron Microscopy) studies
Microphotographs of the original form of inorganic precipitate of Sn(lV) phosphate (S-1), and fibrous composite materials Nylon- 6,6 Sn(IV) phosphtiie (S-4) were obtained by the scanning electron microscope at various magnifications as shown in Fig. 6 .
Thermal (TCA and DTA) scudies
Simultaneous TGA and DTA studies of the composite cationexchange material (Nylon-6,6 Sn (IV) phosphate, S-4) in original form were carried out by an automatic thermobalance on heating the material from 50 to 900"C at a constant rate (10'C per min) in the air atmosphere (air flow rate of 200ml min"*') as shown in Fig. 7 .
Selectivity (sorption) studies
The distribution coefficient (K^ values) of various metal ions on Nylon-6,6 Sn(lV) phosphate were determined by batch method in various solvents systems. Various 0.20g of the composite cationexchanger material (S-4) in the H*-form were taken in Erienmeyer flasks with 20cm-^ of different metal nitrate solutions in the required medium and kept for 24 h with continuous shaking for 6 h in a temperature controlled incubator shaker at 25 ±2 C to attain equilibrium. The initial metal ion concentration was to adjust so that it did not exceed 3% of its total ion exchange capacity. The metal ions in the solution before and after equilibrium were determined by titrating against standard 0.005 IVI solution of EDTA [21 j. Some heavy metal ions such as [Pb^*, Cd^*, Cu^*, Hg^*, Ni^*, Mn^*, Zn^*) were determined by atomic absorption spectrophotometry (AAS). The distribution quantity is given by the ratio of amount of metal ion in the exchanger phase and in the solution phase. In other word, the distribution coefficient is the measure of a fractional uptake of metal ions competing for H* ions from a solution by an ion-exchange material and hence mathematically can be calculated using the formula given as; 
where/is the initial amount of metal ion in the aqueous phase, f is the final amount of metal ion in the aqueous phase, Vis the volume of the solution (ml) and M is the amount of cation-exchanger (g).
Preparation of Nyion-6,6 Sn(lV) phosphate membrane electrode
The ion-exchange membrane was prepared by following the procedure of Coetzee and Benson [22] . Nylon-6,6 Sn(IV) phosphate cation-exchanger (100 mg) as electroactive materia! was ground to fine powder, and was mixed thoroughly with Araldite (Ciba-Geigy, India Ltd.) (lOOmg) in 1;1 (w/w) ratio to make a homogeneous paste, which was then spread between the folds of Whatman's filter paper No. 42. Glass plates were kept below and above the filter paper folds as support. The phase of the exchanger and Araldite was kept under pressure of 2 kg cm^ for 24 h and left to dry. Two sheets of different thickness 0.16,0.20 mm of master membranes was prepared. These sheets were dipped in distilled water to remove filter paper. After drying, the membrane sheets were cut in the shapes of discs using a sharp edge blade. 
Characterization of membrane
The pre-requisite performance of an ion-exchange membrane is its complete physico-chemical characterization, which involves the determination of all such parameters that affects its electrochemical properties, These parameters were the membrane water content, porosity, thickness, swelling, etc. and were determined as described elsewhere (23-261 after conditioning the membrane, as given below.
Conditioning of the membrane
The membranes were conditioned by equilibrating with 1 M sodium chloride; about 1 ml of sodium acetate was also added to adjust the pH to 5-6.5 (to neutralize the acid present in the film).
Water content (% total wet weight)
The conditioned membranes were first soaked in water to elute any diffusible salts, blotted quickly with Whatman filter paper to remove surface moisture, and immediately weighed. These were further dried to a constant weight in a vacuum over P4O10 for 24 h. The water content (% total wet weight) was calculated as:
where W^ is the weight of the soaked/wet membrane and W^ is the weight of the dry membrane,
Porosity
Pcfrosity (e) was determined as the volume of water incorporated in the cavities per unit membrane volume from the water content data.
Ww-Wd
ALp" (4) where A is the area of the membrane, /. is the thickness of the membrane and pw is the density of water.
3.5, Thicliness and swelling
The thickness of the membrane was measured by taking the average thickness of the membrane by using screw gauze.
Swelling was measured as the difference between the average thicknesses of the membrane equilibrated with 1 M NaCl for 24 h and the dry membrane. The results of the membrane characterization are given in Table 6 .
Fabrication of ion-selective electrode
A membrane sheet (M-1) of 0.16 mm thickness, obtained by the above procedure, was cut in the shape of a disc and mounted at the lower end of a Pyrex glass tube (o,d. 1,6 cm, i.d, 0.8 cm) with Araidite. Finally, the assembly was allowed to dry in air for 24 h. The glass tube was filled with a 0.1 M mercuric nitrate Hg(N03)2 solution. A saturated calomel electrode was inserted in the tube for electrical contact, and another saturated calomel electrode was used as an external reference electrode. The whole arrangement can be shown as follows:
liNiernal rclorcncc electrode (SCL
Potential measurement and calibration
The performance of the response of the electrode in terms of the electrode potential (at 25 ± 2 'C), corresponding to the concentration of a series of standard solutions of Hg(N03)2 (lO-'O-lO'' M), prepared by serial dilution, was determined at a constant ionic strength, as described by lUPAC Commission for Analytical Nomenclature 127]. The membrane electrode was conditioned by soaking in a 0.1 M Hg(N03)2 solution for 2 days and 1 h for at least before use. After performing, the experimental membrane electrode was removed from the test-solution and kept in a 0,1 M Hg(N03)2 solution.
The data concerning the measured potential of the membrane electrode were plotted against selected concentrations of the Table 4 Kd-values of some metal ions on Nylon-6,S Sn(lV) phosphate column in different solvent systems.
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Response time
The response time was measured by recording the e.m.f. of the electiode as a function of time when it was immersed in the solution to be studied.The electrode was usually first dipped in a 1 x 10 '^ M solution of the ion concerned, and immediately shifted to another solution (-4.0) of 1 x 10 ' M ion concentration of the same ion (10 fold higher concentration). The potential ofthe solution was read at zero second, that is, just after immediate dipping ofthe electrode in the second solution, and subsequently recorded at intervals of 5 s. The potentials were then plotted against time. The time during which the potentials attained a constant value represents the response time ofthe electrode.
3.y. Effect of pH
A series of solutions of varying pH in the range of 1 to 14 were prepared, while keeping the concentration of the relevant ion constant (1 x 10^^ M). The pH variations were brought out by the addition of dilute acid (HCl) or dilute alkali (NaOH) solutions. The value ofthe electrode potential at each pH was recorded, and plotted against che pH.
Selectivity coefficients
To study the cationic interfeience due to other ions, the selectivity coefficients of various interfering cations for the ion -selective membrane electrode were determined by the mixed-solution method, as discussed elsewhere (28) . A beaker of constant volume contained a mixed solution having a fixed concentration of interfering ion (M"*) (1 x 10"-^ M) and varying concentrations (1 X lO-'-l xlO"^M) of the primary ion. The potential measurements were then made by using the membrane electrode assembly.
Preparation of PAN indicator strips
About 0.5 g fibrous composite material {Nylon-6,6 Sn(lV) phosphate) was dipped in PAN indicator for 24 h. The excess indicator was washed with DMW and the material was dried at 40 C in an oven. The material was placed under liydrauiic pressure machine at 25 KN pressure to obtain fibrous strip as shown in photograph of Fig. 13b . A drop of different concentration of some heavy met- als such as Cu(ll), Pb(ll), Hg(II), Fe(ll) was placed on strip. The color change was observed from the yellowish strip as shown in Table 5 .
Results and discussion
A fibrous composite Nylon-6,6 Sn(lV) phosphate was prepared by mixing inorganic precipitate of Sn(iV) phosphate and Nylon-6,6 developed in formic acid in different (w/v) ratio's as given in Table 1 . The ion-exchange capacity of this composite material for alkali and alkaline earth metal ions was determined as shown in Table 2 . It is noticed that ion-exchange capacity increases as hydrated radii decreases. The maximum ion-exchange capacity ofthe composite was found to be 2.1 meq/g for Na* ions.
The minimum molar concentration of NaN03 as eluant for sample S-4 was 1.0 mol dm^^ for maximum release of H* ions from 1 g ofthe cation-exchanger as evident from Fig. 1 .
The efficiency of 1.0 g cation-excfianger column determined by the eiution behavior indicate that the exchange Is quite fast, as at the beginning all the exchangeable H* ions are eluted out In the first 150 cm^ of the effluent (Fig, 2) within 5 h.
The pH-tltration curve Fig, 3 showed sharp increase in pH when 1.0-2,0mmolg-' of NaOH, KOH and LiOH were added per gram of the cation-exchanger. Above this concentration the increase In pH Is very slow. It may be due to the maximum release of H* from the exchanger site. Thus theoretical ion-exchange capacity of this material can be considered as 2,0 m mol g'',
The percent composition of Sn, P, C, H, N and 0 in the material was found to be 8.09. 0.95, 57.34, 9.76, 0,73, 23.13. A tentative structure can be proposed; |Sn(HP04)2(-CO-(CH2)4-CO-NH-(CH2)5-NH-)]nH20
Assuming that only the external water molecules are lost at 200 C, the ~11 wt.% loss of mass represented by TGA curve -nust be due to the loss of fiH20. Thus, from the above structure the value of'n' the external water molecules can be calculated using Alberti Effectof heating at different temperature for 1 h, Indicated that on heating at elevated temperature the mass, physical appearance and ion-exchange capacity of the dried fibrous cation-exchanger (S-4) was changed as the temperature increased as shown in Table 3 . It was also observed that the hybrid cation-exchanger possessed higher thermal stability as the sample maintained about 80,0% of the initial mass by heating up to 150 C However, In terms of Ionexchange capacity, this material was found stable up to 100' C and it retained about 45.24% of the initial Ion-exchange capacity by heatlngup to300 C. Fig. 4 shows FTIR spectra of as-prepared Sn(lV) phosphate (a) fibrous composite (as prepared). The FTIR spectrum of cationexchange material Nylon-6,6 Sn(lV) phosphate (Fig. 4b) revealed the presence of the external water molecules in addition to the metal-oxygen and metal-OH stretching band. In the spectrum a broad band in the region at 3434 cm'' may be due to the presence of external water molecules. While a sharp peak In I'egion 1638 cm"' Is referred to bending vibration of water. A less broad peak around in the region 1027 cm"' may be due to the presence ofPO^^-, HPOj^-, H2PO42-|30).This fibrous cation-exchangeralso showed a strong band at 1638 cm~' corresponding to the carbonyl group of Nylon-6,6 and a small peak in the region 1465 en"' as a band of medium Intensity mainly due to the C-H bending of methylene groups of nylon-6,6 moiety [31] . The absorption band in the region 1542cm''' may be due to the N-H stretching frequency of amide group of nylon-6,6 |32]. An assembly of small peaks in the region 500-950cm~' is due to the superposirion of metal-oxygen stretching vibrations. These characteristic s':retching frequencies are also in close resemblance with the Inorganic precipitate, i.e. Sn(lV) phosphate ( Fig. 4a) and Nylon-6,6 Sn(iV) phosphate ( Fig. 4'o) . indicating the binding of Inorganic precipitate with organic polymer and formation of'polymeric-inorganic' fibrous Nylon-6,6 Sn(lV) phosphate.
The X-ray powder diffraction pattern of this cation-exchanger (sample S-4, as-prepared) recorded on powdered sample exhibited no peak in the spectrum (Fig. 5 ) that suggesting an amorphous nature of the composite material.
SEM photographs of Sn(IV) phosphate and Nylon-6,6 Sn(IV) phosphate obtained at different magnifications (Fig. 6 ) indicating the binding of Inorganic ion-exchange material with organic polymen It has been revealed that after binding of organic polymer with Sn(lV) phosphate, the morphology has been changed.
As evident from the thermogravimetric analysis curve (Fig. 7) of Nylon-6,6 Sn(IV) phosphate fibrous cation-exchanger initial weight loss of mass -11% up to 200'C, may be due to the loss of external water molecule present |33], Slow weight loss observed between 200 c to 350 C may be due to the condensation of phosphate group to pyrophosphate groups. Further weight loss between 350 "C to 450 C may be due to complete decomposition of the organic part of the material. At 450 "C onwards, a smooth horizontal section which represents the complete formation of the oxide form of the material, A broad peak at ~500'''C in DTA curve shows the reaction is exothermic during the change of phase of the material.
In the composite cation exchange material Nylon-6,6 Sn(lV) phosphate the fixed anions (phosphate and amine group) are in electrical equilibrium with mobile cations in the interstices of the polymer. While the mobile anions are more or less excluded from the polymer matrix because of their electrical charge, which is identical to that of fixed ions. Due to exclusion of the co-ions, the material permits transfer of cations only.
In order to find out the selectivity of this composite material (S-10) for particular metal ions, distribution studies for 12 metal Ions were performed in 13 solvent systems. The distribution studies (Table 4 ) showed that Kj values varied with the nature and composition of contacting solvents. It was observed from the sorption studies (Kj values) that the composite has a maximum selectivity towards Hg^* because mercury was highly adsorbed in all solvents, while remaining metal ions were poorly adsorbed. On the basis of Distribution studies, the composite cationexchanger was used as an electroactive component in the preparation of a heterogeneous ion-selective membrane electrode sensitive to Hg(!l) ions. When membrane of such materials is placed between two electrolyte solutions of the same nature, at same pressure and temperature, but at different concentrations, a small number of Ions (to which membrane is selective) pass fromi the solution of higher concentration through the membrane to that of lower concentration, thus producing an electrical potential difference i.e. membrane potential that can be used for electroanalytical studies.
A number of samples for the Nylon-6,6 Sn(lV) phosphate membranes were prepared with different amounts of Araldite and checked for the mechanical stability, surface uniformity, material distribution, cracks and thickness etc. But the membranes obtained with 50% Araldite (w/w) were found to be good, and show the best mechanical stability as well as electro-chemical performance.
The thickness, swelling, porosity, water content capacity etc. of the Nylon-6,6 Sn(lV) phosphate cation-exchanger membrane was Investigated and the results are summarized in Table 6 , It was observed that as the amount of electroactive component of the membrane i.e. Nylon-6,6 Sn(lV) phosphate increased, the thickness, swelling, water content, porosity increased. Thus, the low orders of water content, swelling a'nd porosity with less thickness of this membrane suggest that the interstices are negligible and diffusion across the membrane would occur mainly through the exchange sites. Hence, membrane sample M-1 (thickness 0.16 mm) was selected for the preparation of an ion-selective electrode for further studies. However, further various characteristics are necessary for a membrane ion-selective electrode to be considered as a suitable sensor for the quantitative measurement of ions. The most important characteristics are the slope, working concen- tration range, response time, pH, selectivity and life span of the membrane electrode. The potentioineiric response of the membrane electrode prepared from membrane sample M-1 over a wide concentration range 10 ' -10 3 is shown in Fig. 8 . The electrode showed a linear Nernstian response for Hg(ll) ions in the concentration range 1 x 10"' to 1 X 10^' M with an over Nernstian slope of28.09mV per decade change in concentration. The limit of detection of the electrode, as determined according to the lUPAC recommendation [34, 35] form the intersection of two segments of calibration curve, was 1 x lO"' M. An over-Nernstian response in electrode of this kind is common , it was obsen/ed that the response time of the Nylon-6,6 Sn(IV) phosphate membrane electrode was 40s as shown in Fig. 9 . It is very important that the performance of any ion-selective electrode should be checked soon every time before using it for any analytical purpose.
For the present Nylon-6,6 Sn(lV) phosphate membrane electrode, it was observed that the measured potential of Hg^* ions in a given concentration range of 10"'-10'^ M was reproducible within ±1 mV, and there was no significant change in the slope of the Nernst plot during the experiiTient over a time period of 1 month. This suggests a longer electrode life and a stable electrode performance.
The performance of the proposed Hg(ll) ion-selective membrane electrode based on the organic-inorganic composite cationexchanger polyaniline Sn(IV) phosphate is comparable [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] , and even better in many respects, such as the slope, response time, linear concentration range, lifetime, pH range and selectivity. It is clear from Fig. 10 that the pH influenced the response characteristics of the proposed Hg(Ii) ion-selective membrane electrode that the potential remained unchanged within the pH range 4-7. After that pH, the electrode behaved in an erratic manner, which may be because mercury ions formed a hydroxyl complex and precipitated. Thus, we can say that the optimum pH range of operation of this electrode was pH 4-7.
The selectivity of the electrode is determined in terms of potentiometric selectivity coefficient, K^°\^, by mixed solution methods [37]. The selectivity coefficient values shown in Table 7 indicate the extent to which a foreign ion (M"*) interferes with the response of the electrode towards its primary ion (Hg^'*).The selectivity coefficients of various cations for the Hg(ll) ion-selective Nylon-6,6 Sn(lV) phosphate membrane electrode were determined which reveal that the membrane electrode is highly selective for Hg(ll) ions over a number of cations as shown in Fig. 11 . The selectivity coefficients of bivalent and trivalent metal ions, like Co(ll), Zn(ll), Cd(!l), Pb(Il). Cu(ll), and Fe(lll), showed somewhat higher values and interfered to a very little extent. However, Ba{ll), Mg(ll), Sr(Il), Ni(ll) and Al(I]l) showed very low selectivity coefficients, and hence interference was found to be negligible.Therefore, despite their large selectivity coefficients, these ions would not disturb the functioning of the Hg{ll)-selective membrane electrode. Thus, the results revealed that the electrode was selective for Hg(ll) in the presence of interfering cations. Therefore, it is understandable the Nylon-6,6 Sn(lV) phosphate interacts relatively strongly with Hg(Il) ions, and can be successfully used as a sensing agent for mercury-selective electrodes.
Analytkai applkation
The analytical utility of this membrane electrode has been established by employing it as an indicator electiode in the potentiometeric titration of a 0.01 M Hg(N03)2 solution against an EDTA solution as a titrant. The results aie shown in Fig. 12 . A 5 ml Hg(N03)2 solution was pippeted out in a beaker, and its volume was raised up to 20 ml by adding demineralized water This solution was titrated ag:ainst an EDTA solution; the electrode potential was measured after each addition of 0.5 ml of EDTA. The addition of EDTA causes a decrease in potential as a result of the decrease in free Hg(ll) ion concentration due to formation of a complex with EDTA. The amount of Hg(Il) ions in solutions can be accurately determined from the resulting neat titration curve providing a sharp end point.
Nylon-6,6 Sn(IV) phosphate, Hg^* ion-selective membran; electrodes were also applied to direct measurements of Hg^* in the drain water collected from Department of Applied Chemist.y, Ali-0 2 4 5 5 10 12 Volume of EDTA (ml) garh Muslim University, Aligarh, India. The samples were collected by a routine technique from five different locations of drains, and preserved with HNO3, stored in glass bottles and analyzed within 12 h after collection. Since the samples contained particulate matters, they were centrifuged, and the potentials were measured after adjusting the pH to ~4 with HNO3 or NH3. Three replicate measurements were made to obtain the Hg{ll) contents in five samples with this electrode using the membrane sensor's calibration graph. The concentration of mercury in the sample was -10^^ M, and the reproducibility of the results was checked up to three times. Nylon-6,6 Sn(lV) phosphate is a white color fibrous type material. This material can be also used in making indicator strips for qualitative and approximately quantitative determination of heavy metals. PAN indicator strips of Nylon-6,6 Sn{lV) phosphate suggest the sensitivity of some heavy metals like Cu(Il), Pb(l!), Hg(ll), Fe(!!) in the concentration range of 2ppm to 200ppm ( Table 5 ). The change in color may suggest an approximate amount of heavy metals in an unknown sample. Photographs of a single fiber of Nylon-6,6 Sn(iV) phosphate and a PAN indicator strips of the composite cation-exchanger are shown in Fig. 13 .
INTRODUCTION
Pesticides of the carbamate family have been progressively replacing more persistent species (mainly organophosphates) because of their low persistence in tlie environment, biological activity, and large spectrum of utilization. They are used as insecHcides, fungicides, nematocides, miticides, and molluscicides. Dithiocarbamates are widely used in agriculture as fungicides and in the rubber industry as vulcanization accelerators and anhoxidants Metal salts of dithiocarbamates are more effective as fungicides because the toxicity of the dithiocarbamates is increased by the metal. Dithiocarbamates hcive also been studied in vegetable foodstuffs with high-performance liquid chromatography,^ extraction voltammetry,^ and titrimetry.^ Capillary electroj^horesis was useii by Rossi and Rotilio^ for the qualitative and quantitative analysis of different carbamates, thiocarbjimates, and dithiocarbamates. However, all these mt;thods suffer from the following disadvantages: (1) methods other than gas chromatography are indiiect and time-consuming and have low sensitivity, and (2) gas chromatography metliods are sensitive: but suffer from a lack of selectivity because all dithiocarbamate pesticides evolve carbon disulfide during acid hydrolysis.
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Journal of Applied Polymer Science, Vol. 000,000-000 (2010) © 2010 Wiley Periodicals, Inc. Zinc(n) dimethyldithiocarbamate (Ziram) is an agricultural fimgicide. It can be applied to the foliage of plants, but it is also used as a soil and/or seed treatment. Ziram is used primarily on almonds and stone fruits. It is also used as an accelerator in manufacturing rubber, packaging materials, adhesives, and textiles and as a bird and rodent repellent. Ziram can cause skin and mucous membrane irritation. Humans with prolonged inhalation exposure to Ziram have developed nerve and visual disturbances.^ Ziram is corrosive to eyes and may cause irreversible eye damage.^ Ziram has also been converted into molybdenum^ and copper complexes.^'^ The extraction of the molybdenum complex is slow, and complexation occurs in an acid medium. A simple, rapid, and sensitive spectrophotometric method based on the conversion of Ziram into a copper dimethyldithiocarbamate complex was applied in this work to study Ziram. However, the main objective of this research was to developed an electroanalytical method for making a Ziram-sensitive membrane electrode to find trace amounts of Ziram in water.
EXPERIMENTAL
Equipment and reagents
A digital pH meter (Elico, India), a potentiometer, AQ6 and an SL 164 double-beam ulh-aviclet-visible spec-AQ7 trophotometer (Elico) were used. Solutions (O.IM) of zirconium oxychloride (ZrCXZl2-8H20) and phosphoric acid (H3PO4) of different molarities were iD: jaishankam I Black Uning: [ON] I Time: 11:24 I Path: N:/3b2/APP«Vol00000/100772/APPFile/C2APP#100772 prepared in 4M HCl and demineralized water (DMW), respectively. Solutions of 20% (v/v) o-toluidine (C7H9N) and 0.4M ammoiuum persulfate l(NH4)2S208] were prepared in 2M HCl.
Preparation of the Ziram solutions
A stock solution of Ziram (1 g/L) was prepared by the dissolution of 100 mg of Ziram in NaOH (OAN) and by dilution to 100 mL in a volumetric flask; further dilutions were performed with O.IN NaOH as desired. Copper sulfate (1.0 g/L) was prepared by the dissolution of 0.1 g in 100 mL of distilled water, which was then acidified with 0.1 mL of concentrated sullHiric acid. An acetate buffer was prepared in distilled water by the dissolution of sodium acetate trihj^drate (68 g; analytical-reagent grade; AQ6 Merck) in water (400 mL) and by the adjustment of the pH to 4.5 through the addition of glacial acetic acid (2S-30 mL; analytical-reagent grade; Merck); the total volume was 500 mL. In a blank solution, a copper sulfate solution (1.0 mL) was added with an aqueous acetate buffer soluhon (1.0 mL) and Triton X-100 (2 mL), and the volume was increased to 10 mL with distilled water without tine Ziram solution.
Preparation of the poly(o-toluidine)/zirconium(IV) phosphate composite cation-exchange material (adsorbent)
The nanocomposite cation exchanger was prepared by the sol-gel mixing of poly(o-toluidine), an organic polymer, into the inorganic precipitate of zirconium(rV) phosphate. In this process, when tlie poly (o-toluidine) gels were added to the white inorganic precipitate of zirconium(IV) phosphate with constant stirring, the resultant mixture was turned slowly into a gieenish-black slurry. The resultant greenishblack slurry was kept for 24 h at room temp«.'rature.
Then, the poly(o-toluidine)-based compo);ite gels were filtsred off and washed thoroughly with DMW for the removal of excess acid and any adhering trace of (NH4)2S208. The washed gel was dried over P2O5 at 40°C in an oven. The dried product was washed again with acetone to remove oligomers present in the material and was dried at 40°C in an oven. The dried product was cracked into small granules; and converted into the H"^ form via treatment with lA'l HNO3 for 24 h with occasional shaking; the supernatant liquid was intermittently replaced with fresh acid two to three times. The excess acid was removed after several washings with DMW and finally dried at 50°C. A particle size of approximately 125 fim for the composite cation exchanger was obtained via sieving, and the material was stored in desiccators.'" 
Transmission electron microscopy (TEM) studies
TEM studies were carried out to determine the particle size of the poly(o-toluidine)/zirconium(IV) phosphate composite cation-exchange material, as shown in Figure 1 . From the TEM studies, it is clear that the poly(o-toluidine)/zirconium(IV) phosphate cation-exchange material had a particle size range of 42.0-100.0 run; that is, the material particle size was in the nanorange.
Adsorption of Ziram onto the poly(o-toluidine)/ zirconium(IV) phosphate cation exchanger
To different 100-mL conical flasks, 25-mL Ziram solutions of different concentrations (0.5-10 ppm) were added; 0.5 g of the adsorbent [poly(o-toluidine)/ zirconium(IV) phosphate] was also added. The flasks were closed and allowed to stand for 1 h with intermittent shaking. Then, the contents were filtered, and 1 mL of the filtrate of each concentration was placed into another conical flask. To each flask, a copper sulfate solution (1.0 mL), an aqueous acetate buffer soluHon (1.0 mL, pH = 4.5), and Triton X-100 (2 mL) were added, and the volume was increased to 10 mL with distilled water. The mixhire was shaken vigorously for 2-3 min. The absorbance of the solution was measured at 437 nm against a reagent blank."
The adsorption percentage from a standard solution was calculated as follows; where CQ and Q are the absorbances before and after adsorption on the cation exchanger, respectively. The adsorption percentages of Ziram before and after adsorption onto the poly(o-toluidine)/zirconium(J[V) Tl phosphate cation exchanger are listed in Table I. Absorption spectra F2 Figure 2 shows the absorption spectrum of Ziram as a copper(II) dimethyldithiocarbamate complex dissolved in Triton X-100 against a reagent blank and the spectrum after adsorption onto the cation exchanger.
ground into a fine powder and was mixed thoroughly with Araldite (Ciba-Geigy India, Ltd.; 100 mg) in a 1 ; 1 (w/w) ratio to make a homogeneous paste, which was then spread between the folds of Whatman no. 42 filter paper. The phase of the exchanger and Araldite was kept under a pressure of 2 kg cm^ for 24 h and allowed to dry. One sheet of the master membrane with a thickness of 0.16 mm was prepared. This sheet was dipped into distilled water to remove the filter paper. After it dried, the membrane sheet was cut into the shape of a disc with a sharp-edge blade. The following parameters were evaluated to study the sensitivity of the electrode to Ziram: the lower detection limit, electrode-response curve, and response time.
Electrode response or membrane potential
A series of Ziram solutions of various concentrations ranging from 10'' to 10"'°M were prepared. The external electrode and the pesticide-selective membrane electrode were plugged into a digital potentiometer, and the potentials were recorded. First, the electrode was soaked in a 1 x 10~'M solution of Ziram for 2-3 days and for 1 h before use. When the electrode was not in use, it was kept in a 1 x 10 'M solution. The measured potential is plotted against selected concentrations of the pesticide in solution in Figure 3 .
Response time
The electrode was first dipped into a 1 x 10~""M solution of Ziram and then into a 1 x 10"'M solution. The potential of the solution was read at 0 s; just after the electrode was dipped into the second solution, the potential was recorded subsequently at the interval of 5 s. The potentials versus the time are F4 plotted in Figure 4 .
